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Abstract. The Cherenkov Telescope Array (CTA) is an initiative to build a next-generation obser- 
vatory for very-high energy y-rays. Its expected large effective area (^(10 7 m 2 )) and energy thresh- 
old as low as 25 GeV imply a challenge for triggering and data acquisition systems. The analysis 
of the official CTA Monte Carlo production- 1 simulations leads to array trigger rates of 0(10 kHz) 
and data rates ranging from ^(100 MB/s) to ^(1000 MB/s), depending on the read-out scenario. 
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TRIGGER SIMULATIONS 

The estimation of the array trigger rates, data rates and data volumes is important for the 
design of the data acquisition and archival system for CTA. In order to perform these 
estimations, some input is needed regarding the camera electronics and the information 
that should be stored. Previous studies for the CTA-97 benchmark array are discussed in 
[1], where the methods used for the study in this section are discussed in more detail. 

In the following, a detailed study of the trigger rates, data rates and data volume 
for the different candidate arrays (southern site: A-K, northern site: NA, NB) of the 
CTA Monte Carlo production- 1 is presented. Each of the CTA sites will consist of an 
array of telescopes of different types: large, medium and small size telescopes (LST, 
MST and SST, respectively). The trigger rates of single telescopes of each type are 
also presented. A subset of four MSTs organized as a H.E.S.S.-like telescope array 
(designated as subarray HESS) is also studied for comparison purposes. Such a subarray 
is also interesting for a possible operation mode, where the CTA array would be split 
into subarrays of telescopes, each one observing one region of the sky. More details on 
the simulated data sets and the candidate arrays used for the analysis are presented in 
[2]. 

In this study, a three level trigger was simulated: two levels (0 and 1) for the camera 
and one level (2) for the array trigger. For the camera trigger, a majority trigger was 
simulated, where at least one pixel and two of its next-neighbors (level 1) should all 
have passed individual thresholds of four photo-electrons (level 0). The duration of 
the allowed gate for pixel coincidence for each telescope type is 3 ns for LSTs, 6 ns 
for MSTs and 16 ns for SSTs. The camera trigger of each telescope type is adjusted 
accordingly to yield less than 100 Hz random triggers per telescope due to night sky 
background (NSB). For the array trigger, a simple stereo trigger was simulated, where 



at least two telescopes out of the whole array should send a camera trigger (level 2). 
In the case of the candidate array E, this trigger was compared to a more complex one, 
where the topology of the array is taken into account and only stereoscopy among next- 
neighboring telescopes is allowed. 

TRIGGER RATES 

To obtain the expected trigger rate, the trigger effective areas need to be folded with 
an appropriate particle spectrum, and then integrated over the energy. In this study, 
a H.E.S.S.-Crab-Nebula-like spectrum [3] was used for the y-ray signal events (for 
simplicity the cut-off observed by H.E.S.S. was ignored) and a combination of the proton 
spectrum measurement of BESS at low energies [4] and HEGRA at high energies [5] is 
used for the background events. For more details, please refer to [1]. 

The single telescope rates are shown in table 1. Each of the telescopes will have to 
cope with trigger rates of G{\ kHz). For the MSTs, a variant of the camera has also been 
simulated with a large field of view (denoted MST LFoV). 

TABLE 1. Camera trigger rates for each of the four different 
telescope types for a BESS-proton spectrum. The column NSB 
lists the camera rate of photo-electrons generated by NSB pho- 
tons at the photo cathode of an individual PMT: these values are 
adapted to represent the level of NSB under moonless conditions, 
when pointing away of the Galactic Plane and zodiacal light. 
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23 
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0.09 
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4.7 


MST 


12 
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0.18 


120 


2.2 


SST 


6.7 


10 


0.25 


85 


0.9 


MST LFoV 


12 


10 


0.27 


274 


1.7 



By requiring a stereoscopic trigger within one of the candidate arrays (at least two 
telescopes should trigger), the telescope trigger rates are reduced: in the case of candi- 
date array E to ~ 2.5 kHz for LSTs, ~ 1.5 kHz for MSTs and - 0.7 kHz for SSTs. 

The results for each simulated candidate array and for both kinds of particles are 
shown in figure 1 (left). Comparing the trigger rates for y-rays and protons for each 
candidate array, the signal-to-noise ratios are quite similar for all cases (^(1CT 3 )): note 
the different scale for the proton blue triangular points (left scale in kHz) and for the 
y-ray red circular points (right scale in Hz). Only the subarray HESS has a higher signal 
to noise ratio of ~ 1/400, due to its reduced FoV and the fact that the y-ray simulations 
are point-like, whereas the proton ones are diffuse. From the plot it is clear that most of 
the southern site candidate arrays have a similar array trigger rate between 9 and 13 kHz, 
only the candidate arrays A and B (tuned to have best performance at low energies) have 
a higher rate on the order of 15 kHz. The northern site candidate arrays have a lower 
rate on the order of 6 kHz, and the subarray HESS has a rate of about 400 Hz. It is also 
interesting that the y-ray trigger rates are quite similar for all candidate arrays, except 
for the subarray HESS. 

For the case of the candidate array E, a next-neighbor array trigger was simulated, as 
mentioned above. This is motivated by the fact that most proton induced showers are 
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FIGURE 1. Trigger rates (left) and data rates (right) for all CTA candidate arrays. Left: the blue 
triangular points represent BESS-pioton trigger rates, and the red circular ones represent 1-Crab-Unit- 
y-ray trigger rates. Note also the different scale for the protons (left scale in kHz) and for the y-rays 
(right scale in Hz). For the case of the candidate array E, dashed open points indicate the values for a 
next-neighbors triggering system. Right: for each candidate array, the shaded area represents the range 
of data rate expected from the simplest scenario (lower boundary) to the extreme case (upper boundary). 
The triangle indicates the value for the intermediate scenario (see the text for details on each scenario). 
For the case of the candidate array E, an empty box and an open triangle indicate the range of values for 
a next-neighbors triggering system. 



very scattered, producing a quite inhomogeneous lightpool at the ground, whereas y-ray 
induced showers tend to be more compact, producing more homogeneous lightpools. 
Indeed, the trigger rates marked as dashed lines in figure 1 (left) show that a 10% 
reduction in the proton background is achieved, while keeping most of the y-ray signal 
(only a 3% loss). 

An estimate of the trigger rates expected for the CTA Observatory is given in table 2. 



DATA RATES AND DATA VOLUMES 

Similarly to the trigger rates, the data rates are estimated by folding the effective areas 
with the flux spectrum and the expected size of the events for each energy bin, before 
integrating in energy. 

For the estimation of the event size, some assumptions have to be made about the 
amount of data that should be stored per telescope. The simplest scenario would be an 
integrated signal over a short (15 ns) time window, which translates into two bytes per 
pixel and channel. The extreme case would be to do waveform sampling for all pixels 
at a high rate (1 GHz) in that window, in which case 30 bytes per pixel and channel 
should be stored. An intermediate scenario is also possible, where only pixels important 
for the reconstruction of the image are read out with sampling, whereas for the rest, the 
integrated charge is stored. 

Assuming PMTs with only one read-out channel (i.e. no separate channels for high 
and low gain), and that only triggered telescopes are read out, the data rates for the 
candidate arrays range from ^(100 MB/s) for the simplest scenario, to ^(1000 MB/s) 
for the extreme one, as it is indicated by the limits of the shaded areas in figure 1 (right). 
The values for the intermediate case are on the order of a few 100 MB/s, as denoted by 



the markers on the same plot. In this case, the next-neighbor array trigger from array E 
reduces the data rate by 5%, when compared to the normal stereoscopic trigger. 

An estimate of the data rates expected for the CTA Observatory is given in table 2. 
Using the candidate array E as an example for the southern site array, the data rate 
ranges from ~ 200 MB/s for the simplest scenario, to ~ 2500 MB/s for the extreme one. 
In the case of northern site candidate array (the candidate array NA is used as example), 
the values are lower: ~ 100 MB/s for the simple scenario and ~ 1400 MB/s for the 
extreme one. The event sizes range from ~ 20 kB to ~ 250 kB for the southern site 
candidate array and from ~ 15 kB to ~ 220 kB for the northern site one. These values, 
and the corresponding data volumes assuming a 15% duty cycle are displayed in table 
2. The total data volume expected after 15 years of operation amounts to ~ 20 PB for 
the simple scenario and ~ 260 PB for the extreme one. 

TABLE 2. Estimated trigger rates, event sizes, data rates and data volumes for the 
CTA observatory. The ranges cover the values from the expectations using the simplest 
scenario (store only integrated signal) to the extreme one (1 GHz sampling rate for all 
pixels in the camera). A duty cycle of 15% is assumed. 

| CTA North I CTA South I CTA 



trigger rate 
event size 
data rate 

data volume per month 

data volume per year 

total data volume (15 years) 



-7 kHz 
15-220 kB 
100- 1400 MB/s 
40-520 TB 
0.5-6.1 PB 
6.5-92 PB 



- 13 kHz 
20-250 kB 
200-2500 MB/s 
74-930 TB 
0.9-1 1PB 
13-165 PB 



-20 kHz 
15-250kB 
300-4000 MB/s 
120- 1500 TB 
1.5-20PB 
20-260 PB 



To conclude, we report on the expected trigger and data rates for realistic operation 
of the CTA Observatory. Our findings are preliminary, with modification likely due to 
final choice of technology (i.e. camera electronics) and trigger logics. Updated and more 
detailed estimations are in preparation [6]. 
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